and ScaleDown (KYW), Chicago, Illinois Purpose: Although many factors have been proposed to trigger symptom exacerbations (flares) in patients with interstitial cystitis/bladder pain syndrome and chronic prostatitis/chronic pelvic pain syndrome, few studies have investigated these factors empirically. Therefore, we embedded a case-crossover study in the Multidisciplinary Approach to the Study of Chronic Pelvic Pain longitudinal study to evaluate a range of patient reported triggers.
INTERSTITIAL cystitis/bladder pain syndrome and chronic prostatitis/chronic pelvic pain syndrome, collectively referred to as UCPPS, are chronic idiopathic conditions characterized by persistent bladder and/or pelvic pain, and urological symptoms such as urgency and frequency. The 2 conditions are common, ranging in prevalence from 1% to 7%, 1 and difficult to diagnose and treat. They are also burdensome to patients, contributing to decreased physical and mental health, sexual functioning and work participation. 2, 3 One particularly troubling aspect of UCPPS is symptom exacerbations or flares. They vary in manifestation but some can be extremely painful, longlasting and unpredictable. 4, 5 Although numerous factors have been proposed to trigger flares (eg diet and stress 5e13 ), few studies have evaluated these factors empirically to determine the influence on patient symptoms. 14e17 These types of studies are important to help patients prevent flares while also minimizing the restrictions that avoiding multiple suspected triggers can impose. 5 Therefore, we embedded a casecrossover study comparing exposures before flares to exposures before times without flares in the same participant 18 in the MAPP Epidemiology and Phenotyping Study to identify factors associated with flare onset.
MATERIALS AND METHODS

Study Population and Design
The MAPP Epidemiology and Phenotyping Study was a 1-year, multisite, longitudinal study designed to characterize the usual care natural history of UCPPS, and identify subgroups with a possible different etiology and clinical course. 19, 20 Participants completed an extensive battery of questionnaires at biannual clinic visits and a brief set at biweekly online assessments. 20 As part of the case-crossover study we asked participants about the current flare status at each clinic and biweekly assessment using the question, "Are you currently experiencing a flare of your urological or pelvic pain symptoms (i.e.) symptoms that are much worse than usual?" If participants responded affirmatively, they were directed to an additional questionnaire, BFRFQ, which inquired about preflare exposures (supplementary Appendix 1, http://jurology.com/). 20 We administered this questionnaire a maximum of 3 times when participants reported a flare and at 3 randomly selected assessments without a flare (1 per 4-month period). We did not administer BFRFQ at baseline because this visit was deemed too lengthy for an additional questionnaire.
This study was approved by the institutional review board at each site. All participants provided written informed consent.
Flare Trigger Assessment
On BFRFQ participants were asked about exposures in the 3 days (diet, physical activities, sedentary behaviors and stress) or the week (sexual activities, and infection and allergy symptoms) before the flare as the flare assessment or the date of questionnaire completion as the nonflare assessment. 20 Participants were also asked about the flare onset date, symptom intensity and beliefs about current flare triggers in prespecified categories to 1) identify new flares in the last 2 weeks, 2) inform the quality of recalled preflare information, 3) categorize flares by duration and pain intensity since they might have differing etiologies and 4) explore the possibility of recall bias as participant responses might be influenced by knowledge of flare status and trigger beliefs.
Possible triggers were selected based on the published literature, 6e10,14e16,21 the ICA (Interstitial Cystitis Association) website and clinical expert opinion. Questionnaire items were based on the Harvard 131-item food frequency questionnaire, 22 IPAQ (International Physical Activity questionnaire), 23 occupational sitting questions, 24 PSS-4 (Perceived Stress Scale-4), 25 and clinical and epidemiological expertise. We selected a 3-day/1-week exposure period based on clinical expertise and chose a lengthier period for sexual activities and infections because we suspected that these factors might take longer to trigger a flare.
Statistical Analyses
Only participants with at least 1 flare and 1 nonflare assessment were included in analyses to allow for within person comparisons. We used descriptive statistics and generalized estimating equations to describe participant flare experiences and changes in symptoms during flares. We used conditional logistic regression to calculate matched ORs, 95% CIs and p values for interaction on stratified analyses. We explored each possible trigger by the presence of any exposure (any vs none), as a trend for an increasing level of exposure (ordinal) and as individual levels (categorical). Because all 3 possibilities yielded similar results, we present only the ordinal variable findings.
We also performed several prespecified restricted and stratified analyses to evaluate possible biological differences in flare etiology (eg by gender) and recall bias, and identify subgroups of participants/flares more likely to be influenced by certain triggers. Supplementary Appendix 2 (http://jurology.com/) describes all subanalyses.
RESULTS
Of the 424 participants who completed the MAPP study 292 (176 women and 116 men) were included in analysis after excluding 79 with negative responses to all flare questions, 28 who reported a flare at baseline but none later during followup and 25 who did not complete at least 1 flare and 1 nonflare assessment. Supplementary table 1 (http:// jurology.com/) lists participant characteristics.
Approximately 7.9% of participants completed 1 nonflare assessment, 11.3% completed 2 and 80.8% completed 3 for a total of 797 assessments. Of the participants 39.7% completed 1 flare assessment, 21.2% completed 2 and 39.0% completed 3 for a total of 582 assessments. On a scale of 0 to 10 compared to nonflare assessments participant pelvic pain was higher during flare assessments by a mean of 2.7 points (95% CI 2.5e2.9), urgency was higher by 1.9 points (95% CI 1.6e2.1) and frequency was higher by 1.7 points (95% CI 1.5e1.9). Participant flares started a median of 5 days (IQR 3e8) before the flare assessment.
When asked what they believed triggered the flares, participants provided 1 response for 67.9% of the flares, 2 responses for 17.9% and 3 or greater responses for 14.2%. Female participants (p ¼ 0.0006), those diagnosed with interstitial cystitis/bladder pain syndrome (p ¼ 0.032) and those who provided more than 1 response for a previous flare (p <0.0001) were more likely to provide more than 1 response for the current flare. The most common responses were stress, diet and "don't know" (table 1).
Diet
In our full sample we observed no associations for diet in the last 3 days and flare onset. Null results or inconsistent patterns were observed in most subanalyses except those restricted to flares with suspected dietary triggers. On those analyses positive findings were observed for tomatoes, yogurt, spicy foods, alcohol, caffeinated and carbonated beverages while suggestive positive findings were observed for onions (table 2) .
Physical Activities and Sedentary Behaviors
No associations with flare onset were observed for riding a bicycle, motorcycle, horse or small motorized vehicle, or sitting for long periods in the last 3 days. A suggestive positive association was observed for abdominal exercises in the main analysis and most subanalyses, which strengthened when the analyses were restricted to flares with suspected physical activity triggers (table 3) . Restricted analyses could not be performed for flares with suspected sedentary triggers because they were not queried on the BFRFQ.
Stress
Perceived stress in the last 3 days was not significantly associated with flare onset on any analysis (table 3) .
Sexual Activities
In the full sample no associations were observed for flare onset and any individual sexual activities in the last week. However, suggestive positive associations were observed for vaginal intercourse without a condom and for receiving oral intercourse with flares suspected to have been caused by sexual activity. Positive associations were also observed when all activities were combined and for engaging in sexual activities with a new partner in the main analysis and most subanalyses, particularly those restricted to flares with suspected sexual activity triggers (table 4) .
Infection-Like Symptoms and Allergies
No associations were observed for symptoms of infection, including vaginal, respiratory and gastrointestinal infections, as well as for fever and allergies in the last week in the main analysis and most subanalyses. Exceptions were suggestive positive associations for vaginal infection-like symptoms and fever with flares suspected to have been caused by infection and for UTI-like symptoms with all types of flares. Finally, no association was observed for infection, fever or allergy symptoms combined after UTI and vaginal infection-like symptoms were removed (table 4) .
DISCUSSION
In our large case-crossover analysis only recent sexual activities and UTI-like symptoms were positively associated with flares. On subanalyses restricted to flares suspected to have been caused by specific triggers additional positive associations were observed for some proposed triggers such as tomato, yogurt, spicy food, alcohol, caffeinated and carbonated beverage, and possibly onion intake, abdominal exercises and recent vaginal infection-like symptoms and fever but not for other proposed triggers such as citrus and stress. Our findings for sexual activities are consistent with several patient reports suggesting that sexual activities trigger flares. 5e7, 13 However, how these activities trigger flares, whether through local physical trauma, acquisition of a genitourinary infection or modification of the genitourinary flora, is unknown and difficult to discern from our findings. For instance, although our suggestive positive findings for vaginal intercourse without but not with a condom and for receptive oral intercourse are consistent with a possible infectious mechanism, our findings for new sexual partners might be explained by exposure to a new flora 26 or lack of adaptation to a new sexual partner/practice. This possibility was raised by previous focus group participants who mentioned developing methods to continue engaging in sexual activities without triggering a flare (eg medications before sexual activities 5 ). Further exploration of mechanisms underlying our observed associations might help extend these prevention strategies.
Similar to sexual activities, our findings for UTI-like and vaginal infection-like symptoms are consistent with patient reports indicating that flares are frequently similar in sensation to genitourinary infections. 5, 13, 16 Additionally, although our findings differ from those in studies of culturable, bacterial uropathogens and flares, 16, 17 they are consistent with findings in a recent MAPP analysis that revealed a greater prevalence of nonculturable Candida and Saccharomyces species in women experiencing flares. 27 This suggested that fungal species, such as those that cause vaginal infections, may contribute to flares. However, because we did not perform laboratory testing in our study, we cannot comment on whether participant urogenital flora triggered the flares or whether flares and infections simply have similar symptoms. This question will be addressed in future MAPP studies comparing flare to nonflare assessments.
In contrast to our findings on sexual activities and infections, our findings on other suspected triggers such as diet and stress differ from those on most previous patient surveys, 6e13 and medical and lay recommendations. These differences may be explained by several possible reasons encompassing the validity of our study design as well as that of previous patient surveys. One major assumption of our study was that triggers take 1 day to 1 week to contribute to a flare. We based this time frame on clinical opinion and epidemiological principles (ie ensuring that exposures clearly preceded flares) since little data existed to guide our decision. However, based on some earlier articles 14, 21 and our recent focus group study 5 a more relevant exposure period for some triggers (eg diet) may be the hours rather than the day(s)/week before a flare. This possible misspecification of the exposure period may have contributed to nondifferential misclassification and a bias toward the null for some but not all triggers.
Other possible sources of misclassification are our trigger categories, which may have been too broad to capture susceptibility to one but not to another subcategory (eg wine but not beer 5 ) as well as random errors in preflare/nonflare exposure recall. However, why any of these concerns (misspecification of the exposure period, broad exposure categories and random recall errors) would apply only to null study findings in the full sample and not to positive findings in restricted samples is unclear because they should have been consistent across analyses. Additionally, studies of other pain conditions detected trigger associations using a similar approach (ie examining self-reported exposures on the day(s) before a migraine). 28, 29 Another major assumption of our study that may explain differences with previous patient surveys was that a sufficiently large proportion of participants are susceptible to triggers so that they could be detected as statistically significant associations in our full sample. Supplementary table 2 (http:// jurology.com/) shows susceptibility estimates from the literature. However, in a study comparing n ¼ 1 to population level analyses of patients with migraine it was estimated that 10% or more of participants must be susceptible to a trigger for it to be detectable on population level analysis. 30 Other assumptions that may have influenced our power were that triggers contribute to flares a large proportion of the time in susceptible individuals and each individual has only a limited number of triggers. However, if flare triggers vary widely across and within participants, we may not have had sufficient power to detect associations in our full sample. A further consideration is that participant knowledge of the flare triggers and how to avoid them or engage in self-care to mitigate flare symptomes (eg post-trigger medications 5 ) may have further reduced our study power.
Finally, it is also possible that triggers contribute to some types of flares but not to others. We recently identified a broader spectrum of flares than previously reported in the literature (eg mild to painful flares). 4, 5 This possible heterogeneity in flare etiology may have further reduced our study power.
Recognizing these concerns, we performed several subanalyses to increase our ability to detect associations. These included analyses 1) stratified by factors believed to identify differing UCPPS subtypes and 2) restricted to subgroups of participants more likely to experience flare triggers (eg less knowledgeable participants), flares more likely to have been caused by certain triggers (eg those with suspected triggers) and more bothersome flares (eg painful flares). Although most of these findings were null, we noted positive or more strongly positive results for flares suspected to have been caused by specific triggers, raising the possibility that these exposures contribute to flares in a subset of participants. Furthermore, the fact that these associations were observed for some but not all possible triggers (eg tomatoes but not citrus) reduces but does not completely eliminate the possibility of recall bias as an explanation of our findings. This possibility should be ruled out in future studies, such as observational studies with prospective exposure assessment or randomized controlled trials of trigger elimination. Despite some of the described limitations, our study has several strengths that distinguish it from most previous studies. These strengths include the large sample size, investigation of a wide range of possible triggers, extensive characterization of participants to allow for numerous subanalyses and most importantly the empirical approach. These strengths lend credence to a final possible interpretation that some reported triggers may not in fact contribute to flares or they may do so in a much smaller proportion of patients than initially believed. Further pursuing this possible explanation for our findings is important to reduce the restrictions that avoiding multiple suspected triggers can impose on patient lives. 5 
CONCLUSIONS
In one of the first studies to test flare triggers empirically we found that only recent sexual activities and UTI-like symptoms were associated with flare onset in our full sample. Findings in our subanalyses suggest the possibility that other reported triggers such as diet, abdominal exercises, vaginal infection-like symptoms and fever apply to only a subset of patients or our findings were susceptible to recall bias. Finally, null findings for other proposed triggers in our main analysis and subanalyses raise questions about the validity of other triggers. These possibilities should be explored further to inform evidence-based flare prevention.
